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Background and motivation
• Networks provisioned for peak loads

– Typically very low utilization

– Opportunity to save energy 

• Energy proportionality desirable

– Energy usage proportional to system utilization

– However, hardware limitations prevents this in practice

• Two promising approaches
– EEE: “On/off toggling” of interface 

– eBond: Switch between redundant heterogeneous interfaces 
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Contributions
1. Present eeeBond

– Hybrid of EEE and eBond

2. Unified analytic model
– Derive closed-form optimized parameter settings for eBond

and eeeBond

3. Performance evaluation
– Characterize gains possible with optimized protocols 
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General model
• Energy usage

• Hardware comparison
– Per-interface modes:

– Interface differences:
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– Basic:

– Setup time:
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General model
• Energy usage
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General model
• Energy usage
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Steady-state model
• M/G/1(E,SU) model

• Waiting times

• Energy usage of active interfaces
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Protocol optimization
• M/G/1(E,SU) model

– Optimized eBond

– Optimized eeeBond

• High-level summary

– Theorems/lemmas specifying interface selection
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Protocol optimization
• M/G/1(E,SU) model

– Optimized eBond

– Optimized eeeBond

• High-level summary

– Theorems/lemmas specifying interface selection

Given target waiting time W* and 
arrival rate λ, which interface?
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Example scenarios

Performance 
evaluation

• EEE and eeeBond adopt power usage for individual interface(s)

• eeeBond often the winner, but cases where eBond even better

– increase in delay prevent eeeBond using lower-power 
interface and sleep savings small when c close to one) 
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Conclusions
• Presented eeeBond

– Hybrid protocol that combines benefits of EEE and eBond

• Presented a generalized protocol evaluation framework

• Performed protocol optimization of eBond and eeeBond

– Closed-form expressions of delay and energy tradeoffs 

• Characterized energy savings with the different protocols
– Significant benefits of eBond and eeeBond over EEE  (when 

x>1), even when EEE itself becomes more energy proportional 

• Future work will refine our extended model and optimize 
additional aspects of eeeBond
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